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Abstract 
©BFRI 
An experiment was conducted to induce triploidy in African catfish, Clarias gariepinus, 
using heat shock and cold shock techniques. Cold shock at a temperature of 0± 1 ac and 
5±1°C for a duration of 15, 30, 45 and 60 min and heat shock at a temperature of 
40±0.5°C and 41 ±OSC for a duration of 1, 2 and 3 min was given to induce triploidy 5 
min after fertilization. Maximum percentage of triploids (91.4%) were obtained in the 
heat shock at a temperature of 40±0SC for a duration of 1 min whereas cold shock at 
0± 1 oc for a duration of 60 min yielded 90% of triploids. Chromosome analysis revealed 
that diploids have 54 chromosomes and triploids have 81 chromosomes. The erythrocyte 
measurements of the minor axis and major axis were 1.17 times larger in treated fish 
than in controls. The growth studies showed that the growth rate was not significantly 
affected in triploids. 
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Introduction 
The African catfish, C. gariepinus is now a very popular species for aquaculture and 
recently introduced in countries like India. It's accidental escape into the natural waters 
may become a potential threat to native species. So, sterile triploids of exotic species 
could be safely used where the introduction of such exotic species could otherwise lead 
to competition with native fish and suppression of the later. One such example is the 
introduction of grass carps into the reservoirs of the USA to reduce unwanted growth of 
macrophytes, (Shelton and Jensen 1979). 
The induction of triploidy has been extensively investigated in teleost fish by 
various authors (Thorgaard 1983, Purdom 1983, Chourrout 1987, Hussain et al. 1991, 
Pandian and Kotteswaran 1998, Arai 2001, Felip et al. 2001, Tiwary et al. 2004). 
Polyploidy has been induced in different species of fish through thermal shocks (Gervai 
(J~ al. 1980, Bidwell et al. 1985, Ueno 1986, Godwin Christopher 2001). The success of 
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induction of triploidy can be assessed by counting chromosomes (Richter et al. 1987). 
Oniy very few report is available on the induction of triploidy in C. gariepinus. Richter et 
al. (1987) induced triploidy in C. gariepinus by cold-shocking eggs at soc for 40 min 
starting 2 to 4 min after fertilization and studied the performance of triploids. The 
differences in growth rate and feed utilization between diploid and triploid C. gariepinus 
were compared by Henken et al. (1987). Diploid and triploid fish converted their feed 
with similar efficiencies (p <0.05). In the present study, experiments were conducted on 
the induction of triploidy in C. gariepinus, which is exotic to India. 
Materials and methods 
Hypophysation of C. gariepinus was carried out by injecting the hormone Ova prim at 
a dosage of 2.0ml/kg to females. After 12 h of hormone injection, the females were 
stripped from the abdominal region and the eggs were collected in a dry enamel bowl. 
The males were sacrificed and the testes were removed surgically gently without blood 
clot and kept in cold Hanks Balanced Salt Solution (Himedia-TS1010) in a petridish. 
Sperms were released from the testes by gentle squeezing of the lobes and sperm 
suspension was prepared. Sperm suspension was mixed with eggs for 1-2 min. Then 
water was added to the gametes. For complete fertilization, the bowl was rotated and tap 
water was added to it. 
Five minutes after fertilization, the eggs were subjected to cold and heat shocks for 
the retention of the second polar body that results in triploid fish (3n). Each egg batch 
contained 500 activated eggs. Cold shock was given at 2 different temperatures 0±1 oc 
and 5±1 oc for 15, 30, 45 and 60 min for each temperature by keeping the activated eggs 
in ice water in tea filter. For heat shock, the eggs were kept in a water bath maintained 
at 40±0.5°C for 1, 2, 3 min duration. Similarly heat shock at 41± o.soc for 1, 2, 3 min 
duration was given. The timing of the shock treatment was kept constant as 5 min after 
activation. Volckaert et al. (1994) has already reported that the timing of the expulsion 
of the second polar body invariably occurred 3 to 5 min after activation of eggs in C. 
gariepinus. After shock treatment the eggs were incubated in plastic trays of size 
(35x25x5 em) with flowing water dripping on the eggs through perforations. This 
ensures adequate oxygenation in trays. The incubation temperature was 26±1 oc and 
hatching started after 20 h of fertilization. After hatching, the hatchlings were counted 
and hatching rate was calculated as the relative percentage of eggs incubated initially. 
The deformed or abnormal hatchlings due to the effect of shock treatment were counted. 
After 72 h, the larvae were fed with Artemia nauplii ad libitum for 7 days and gradually 
replaced by shrimp starter pellet feeds (CP). 
Chromosome preparations were made from the hatchlings placed in 0.05% 
colchicine solution (Himedia) for 3 h and then incubated in hypotonic solution (0.8% 
tri-sodium citrate) for 30 min at room temperature. They were fixed in Carnoy's fixative 
after giving 3 changes and kept overnight. Air dried slides were prepared by following 
the modified chromosome preparation method (Kligerman and Bloom 1977). 
Chromosomes were prepared from 20 hatchlings taken randomly from different shock 
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treated groups and ploidy induction percentage was estimated. Chromosome slides 
were microphotographed using Trinocular Microscope (LABOPHOT II). Ploidy was 
also determined by the measurement of red blood cell and nuclear volume (Pandian and 
Muthukrishnan 1990). Twenty erythrocytes were measured in each fish. 
Diploid and triploid fry were reared separately in 20 1 plastic trough for 7 days, and 
30 1 trough for 8-14 days and in 200 1 FRP tank for the next IS days. After 1 month of 
rearing in indoor tanks, the fishes were reared at 200 Nos. /tank in 5 m2 area cement 
tanks with 0.6 m water depth. Complete water exchange was done every 15 days. 
Culture performance of diploid and triploid fish fed with poultry intestine was 
evaluated every month. The survival and growth rate were recorded at monthly interval. 
Results 
Four sets of experiments conducted were successful to induce triploidy in C. 
gariepinus. The data on the effect of shock temperatures and durations of shock on the 
percentage of triploidy and survival rate of embryos were given in Table I. The 
difference between the two induction temperatures used for cold shock (0±1 oc and 
S±l°C) was found to be not statistically significant (p<O.OS) while the differences in 
triploid induction for different period of exposure to the shock were statistically 
significant at 99% level (p<0.01). The percentage of triploids produced at different 
temperatures used for heat shock and for different duration of shock treatments are 
statistically significant at 95% level. 
Table 1. Induction of triploidy using different shock treatments, shock duration and 
percentage of ploidy, deformity and hatching in Clarias gariepinus 
Treatment Shocking Duration Developing Ploidy(%) Deformity Hatching 
methods temp. of shock eggs 
Diploidy Triploidy 
(%) (%) 
(°C) (min) (%) 
2n) (3n) 
Cold shock 0+1 1S 90.5 100 8S.2 
30 82.6 so so 81.3 
4S 78.2 30 70 1 80.6 
60 72.S 10 90 3 72.0 
Control Control 92.0 100 84.8 
Cold shock S+I 1S 80.0 100 84.0 
30 76.8 40 60 80.1 
4S 74.2 20 80 I 77.2 
60 70.S 16 84 s 74.2 
Control Control 86.2 IOO 81.5 
Heat shock 40+0.S 1 92.0 8.6 91.4 7 79.8 
2 84.0 20 80 11 72.3 
3 72.6 30 70 13 67.2 
Control Control 89.S 100 82.0 
Heat shock 41 +O.S I 86.0 30 70 9 70.2 
2 81.3 3S 6S 14 66.7 
3 70.1 so so 16 64.6 
Control Control 82.4 100 80.6 
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Deformed and abnormal hatchlings observed in the experimental groups were 
presented in Table 1. Chromosome analysis has revealed that in C. gariepinus control 
diploids had 54 chromosomes and triploids had 81 chromosomes (Fig. 1). The mean 
erythrocyte nuclear measurements of diploid and triploid C. gariepinus were given in 
(Table 2). The variations in the size of erythrocyte nuclei derived from the diploid and 
triploid C. gariepinus (Fig. 2) were analyzed. The statistical analysis of erythrocyte 
parameters such as minor axis, major axis and volume were found to be significantly 
different at 1% level between triploids and diploids. 
Fig.l. Comparison of metaphase chromosomes (lOOX) between diploid (left) and triploid (right) 
C. gariepinus. Diploids had 54 chromosomes and triploids 81 chromosomes. 
Fig.2. Comparison of erythrocytes (45X) between diploid (left) and 
triploid (right) G. gariepinus. 
The growth of triploids and diploids in C. gariepinus was studied for 180 days. The 
mean length and weight and survival percentage were presented in Table 3. Triploids 
grew better than the control recording a weight gain of 1.9 g/day and recorded a mean 
weight of 343.12 g in 180 days (Fig. 3) while the control registered a mean weight of 
320.16 g only with a mean daily growth rate of 1.77 g (Table 4). The statistical analysis 
showed that a significant difference in weight (p<0.05) was observed between triploids 
and diploids during the growth period. 
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Table 2. Means + SD of erythrocyte nuclear measurements of diploid 
and the triploid Clarias gariepinus. 
Variable Diploids 
Mean+ SD 
Triploids 
Mean+ SD 
F* Ratio of triploid 
to diploid 
Minor axis (J.tm ) 2.95 + 0.48 3.45 + 0.41 13.67 1.17:1 
!vl.ajor axis Cttm) 3.96 + 1.01 4.66 + 0.55 10.68 1.17 :1 
Volume ( ~tm3 ) 17.25 + 1.82 31.08 + 5.64 157.70 1.80:1 
Differences between diploids and triploids in minor axis, major axis and volume were significant (p<O.Ol) 
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Fig. 3. Mean weight of diploid and triploid Clarias gariepinus 
reared for 180 days in grow out tanks 
Table 3. Mean length, weight and survival percentage of triploid and diploid 
Clm·ias gariepinus reared for 180 days in cement tanks fed with chicken waste 
Triploid Diploid 
Length (mm) Weight (g) Survival Length (mm) Weight (g) 
(%) 
57.36 + 13.34 1.54 + 1.56 76.5 58.73 + 14.69 1.50 + 1.17 
142.93 + 33.82 39.33 + 29.52 57.0 146.6 + 23.40 33 + 16.94 
221.36 + 48.30 89.54 + 58.71 49.3 217.83 + 41.42 74.33 + 39.38 
292.29 + 34.45 150.1 + 55.97 44.5 274.7 + 42.06 134.96 + 60.83 
350.92 + 36.77 250.83 + 94.64 37.0 327.63 + 40.88 230.83 + 112.68 
392.93 + 44.65 344.66 + 117.03 36.0 370.43 + 46.18 321.66 + 112.39 
Table 4. Growth performance of triploid and diploid Clarias gariepinus 
in grow out tanks showing weight gain per day 
Survival 
(%) 
87.0 
62.0 
54.5 
53.7 
50.5 
44.0 
Triploid/Control Initial weight Final weight Weight gain Weight gain/day 
(g) (g) (g) (g) 
Triploid 1.54 344.66 343.12 1.90 
Control 1.50 321.66 320.16 1.77 
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Discussion 
The results of the present study indicate that both cold shock and heat shock to 
fertilized eggs were found to be effective methods for inducing triploidy in C. gariepinus. 
The time at which the shock should be applied can be assumed to be S min after 
fertilization. This can be also due to the fact that the second meiotic division and the 
extrusion of the second polar body in C. gariepinus takes place immediately after 
fertilization. Maximum percentage of triploids (91.4%) were obtained by heat shock at 
40±0.S°C for a duration of 1 min. This can be compared with the results obtained for C. 
cmpio (90-100%) by Recoubratsky et al. (1992) through heat shock at 40 and 41 oc for a 
duration of 1.S and 2.0 min respectively, 6 min after insemination. Similarly, Reddy et 
al. (1998) induced triploidy (70-90%) in Cyprinus cmpio var. communis by heat shock at 
40°C to 4 min old fertilized eggs for a duration of 1 min. 
In the present study, 90% of triploids were produced by cold shock at 0±1 oc for a 
duration of 60 min and the percentage of hatching was 72%, which is low when 
compared to heat shock (79.8%). Richter et al. (1987) induced triploidy (80-100%) in 
the same species by cold shocking eggs at soc for 40 min duration, 2 to 4 min after 
fertilization. This is comparable with present results (80% triploid) due to cold shock 
at soc for 4S min. Henken et al. (1987) also had similar results (9S% triploid) when 
they tried cold shocking (S°C) of the eggs for 40 min starting 3 min after fertilization in 
C. gariepinus. 
Manickam (1991) produced 100% triploid fry in the related species, C. batrachus by 
cold shock at soc for 60 min starting S min after fertilization. Average hatching success 
was 94.2% in control, while it was 91.2% in the treatment groups. About 13.S% of 
deformed larvae also were reported by him in treated groups than in controls (4.3%). 
However, his findings with regard to C. batrachus are much deviating from the results 
obtained for C. gariepinus in the present study. Deformed larvae were not observed 
among the untreated groups. 
The technique of Kligerman and Bloom (1977) is found useful for assessing 
triploidy induction in C. gariepinus. Metaphase chromosome spreads can be made from 
larval tissues to make an early confirmation of triploidy possible. In the present study, 
triploids have three sets of chromosomes (3n=81) and two sets of chromosome in 
. diploids (2n=S4). On the other hand Ozouf-Costaz et al. (1990) study revealed that 
diploid karyotype, 2n=S6 in C. gariepinus. 
Erythrocyte nuclear volume measurements can also be used for predicting ploidy 
levels in C. gariepinus. It was observed that measurement of the minor axis, major axis 
of erythrocytes were 1.17 times larger in treated fish than in control. According to 
Purdom (1993) nuclear and cell size measurements of erythrocyte are most convenient 
and widely used methods for identifying a triploid fish. Nuclear and cellular sizes of 
erythrocytes in triploids are increased to accommodate the increased amount of nuclear 
DNA while maintaining a normal ratio of nuclear to cytoplasmic volume (Small and 
Benfey 1987). Richter et al. (1987) have also used erythrocyte nuclear volume 
measurements for estimating ploidy levels in the same species. They found that 
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triploids had a higher nuclear erythrocyte volume than diploids (p<0.01). Similar 
observation with minor deviation was reported in C. fuscus by Qin et al. (1998). They 
also intended that the nuclear shape of triploid erythrocytes was oval, while that of 
diploids was almost round. In the current attempt the means of major axis, minor axis 
and volume of triploids were greater than those of diploids and when statistically 
analysed significant difference can be noted (p<0.01) by ANOVA. Tiwary et al. (1997) 
reported the mean diameter of erythrocytes and their nuclei in triploids, which were 
1.57 times greater than that of diploid individuals. Similar observations were reported 
in seabass, Dicentrarchus labrax (1.2-1.3 times larger in shocked fish than in control) by 
Felip et al. (1999). The erythrocytes nuclear volumes between diploids and triploids 
were distinctly different (p<0.01) and these results were in agreement with studies of 
Tiwary et al. (1997). Razak et al. (1999) confirmed ploidy status by nuclear size 
measurement of erythrocytes in tilapia, Oreochromis niloticus. Erythrocytes of triploids 
were found to be 1.5 times larger than diploids. 
The growth studies revealed that the growth rate was not significantly affected in 
triploids. Survival percentage at the end of the study period (180 days) was less in 
triploids (36%), when compared to controls (44%). Similar observation was reported by 
Richter et al. (1987) in the same species, C. gariepinus and concluded that the growth rate 
was not significantly affected by triploidy and suggested that the decisions in favour of 
triploid culture of the species should be based on expected advantage in body 
composition and gutted weight rather than on an expected increase in growth rate. 
Henken et al. (1987) also reported similar growth rates for diploid and triploid fish and 
found no significant growth difference between diploids and triploids. 
Contradictory to these reports, Qin et al. (1998) found triploid C. fitscus grew 
significantly faster than diploids from the same spawns, reared- under similar culture 
conditions. After about 6 months, average weight of triploids was 10% greater than that 
of diploids at 25°C, while triploids gained 5% more weight than diploids at 21.5°C. Fast 
et al. (1995) found that triploid C. macrocephalus were 48.7% heavier than diploids after 
8 months culture at 28.6-29.4°C. Thus, greatly varying reports are available on the 
growth performances of triploids. Therefore, it can be concluded that it is not 
mandatory that triploids will grow faster than diploids. But there have been some 
reports on the better growth performance of triploids, which can be by and large age-
and species related (Ihseen et al., 1990). Such reports are from Wolters et al. (1982) who 
reported a significant difference in body weight between diploid and triploid channel 
catfish (Ictalurus punctatus) where triploids were bigger than diploids. 
Gervai et al. (1980) did not find any differences in growth rate between diploid and 
triploid C. carpio. While th~ observation of Cherfas et al. (1994) was a bit negative in 
the sense that triploid common carp did not exhibit any growth advantage over diploids. 
One year old triploid carp weighed about 15% less than diploid control. Contradictory 
to this, Reddy et al. (1998) observed differences in growth rate between diploids and 
triploids from 5-6 month of age onwards in the same species and the growth rate of 
triploids was observed to be significantly higher than the diploid sibs (p<O.Ol). Islam et 
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al. (1994) also reported growth of triploid Labeo rohita after 18 weeks was significantly 
higher than in diploids. 
The growth performance of tripioids is a critical factor in determining their utility 
in aquaculture. These contentions indicate that there might be a possibility of growth 
enhancement after certain age even in C. gariepinus. Thorgaard (1986) reported that this 
may also depend on biological characteristics of a species as well as experimental 
conditions such as ambient temperature and feed quality. So, culture of triploid C. 
gariepinus appears to be an acceptable practice for commercial farming, where exotic 
catfish farming is banned/restricted. Similar recommendation was made earlier for the 
culture of bighead carp in United States where bighead carp are illegal. 
References 
Arai, K., 2001. Genetic improvement of aquaculture finfish species by chromosome 
manipulation techniques in Japan. Aquaculture, 197: 205-228. 
Bidwell, C.A., C.L Chrisman and G.S. Libey, 1985. Polyploidy induced by heatshock in channel 
catfish. Aquaculture, 5: 25-32. 
Cherfas, N.B., B. Gomelsky, N. Ben Dom, Y. Peretz and G. Hulata, 1994. Assessment of triploid 
common carp (Cyprinus cmpio L.) for culture. Aquaculture, 127(1): 11-18. 
Chourrout, D., 1987. Genetic manipulation in fish : review of methods. In: Proc. World. Symp. On 
Selection, Hybridization and Genetic Engineering in Aquaculture (ed. K. Tiews). Bordeaux, 
Vol. II. pp. 111-127. 
Fast, A.W., T. Pewnim, R. Keawtabtim, R. Saijit, F.T. Te and R. Vejaratpimol, 1995. 
Comparative growth of diploid and triploid Asian catfish Clarias macrocephalus in Thailand. 
J. World Aquacult. Soc., 26: 390-395. 
Felip, A., S. Zanuy, M. Carrilo and F. Pifferer, 1999. Growth and gonadal development in 
triploid seabass (Dicentrachus labl·ax L.) during the first two years of age. Aquaculture, 173 : 
389-399. 
Felip, A., S. Zanuy, M. Carrilo and F. Pifferer, 2001. Induction of triploidy and gynogenesis in 
teleost fish with emphasis on marine species. Genetica, 111: 175-195. 
Gervai, J., S. Peter, A. Nagy, L. Horvath and V. Csanyi, 1980. Induced triploidy in carp, Cyprinus 
carpio L. J. Fish Biol., 17: 667-671. 
Godwin Christopher. J, 2001. Genetic manipulation studies in the Indian catfish Heteropneustes 
fossilis. Doctoral Thesis, Manonmaniam Sundaranar University, Tirunelveli, Tamil Nadu, 
India. 140 pp. 
Henken, A.M., A.M. Brunink and C.J.J. Richter, 1987. Differences in growth rate and feed 
utilization between diploid and triploid African catfish, Clariqs gariepinus ( Burchell 1822). 
Aquaculture, 63: 233-242. 
Hussain, M.G., A. Chatterji, B.J. McAndrew and R. Johnstone, 1991. Triploidy induction in Nile 
tilapia, Oreochromis niloticus L. using pressure, heat and cold shocks. Th.eor. Appl. Genet., 81: 6-
12. 
Ihseen, P.E., C.R. McKay, I. McMillan and R.B. Phillips, 1990. Ploidy manipulation and 
gynogenesis in fishes: cytogenetic and fisheries applications. Trans. Am. Fish. Soc., 119: 698-
717. 
Islam, M.S., M.S. Shah, M.A. Rahman and H.A. Chowdhury, 1994. Induction of triploidy in 
rohu, Labeo rohita by heat shock treatment and comparative growth with normal diploid. J. 
Aqua. Trap., 9 (4): 299-310. 
128 
Production of triploid C. gariepinus 
Kerby, ].H., ].M. Everson, R.M. Harrell, J.G. Geiger, C.C. Starling and H. Revels, 2002. 
Performance comparisons between diploid and triploid sunshine bass in freshwater ponds. 
Aquaculture, 211 (1-4): 91-108. 
Kligerman, A.D. and S.E. Bloom, 1977. Rapid chromosome preparations from solid tissues of 
fishes.]. Fislz. Res. Ed. Can., 34: 266-269. 
Manickam, P., 1991. Triploidy induced by cold shock in the Asian catfish, Clarias batrachus (L). 
Aquaculture, 94 (4): 377-379. 
Ozouf-Costaz, C., G.G. Teugels and M. Legendra, 1990. Karyological analysis of three strains of 
the African catfish, Clarias gariepinus (Clariidae), used in aquaculture. Aquaculture, 87: 271-
277. 
Pandian, T.J. and J. Muthukrishnan, 1990. Research methods for gene and chromosome 
manipulation in fish. Dept. of Biotechnology, Govt. of India, New Delhi. 65 p. 
Pandian, T.J. and R.Kotteswaran, 1998. Ploidy induction and sex control in fish. Hydrobiologia, 
384: 167-243. 
Purdom, C.E., 1983. Genetic engineering by the manipulation of chromosomes. Aquaculture, 33: 
287-300. 
Purdom, C.E., 1993. Genetics and Fish Breeding. Chapman & Hall, London. 277 p. 
Qin, ].G., A.W. Fast and H. Ako, 1998. Growout performance of diploid and triploid Chinese 
catfish Clariasfuscus. Aquaculture, 166 (3-4): 247-258. 
Razak, S.A., G.L. Hwang, M.A. Rahman and N. Maclean, 1999. Growth performance and 
gonadal development of growth enhanced transgenic tilapia, Oreochromis niloticus (L.). Mar. 
Biotech., 1(6): 533-544. 
Recoubratsky, A.V., B.I. Gomelsky, O.V. Emelyanova and E.V. Pankratyeva, 1992. Tripoid 
common carp produced by heat shock with industrial fish-farm technology. Aquaculture, 108 
(Suppl. 1-2): 27-32. 
Reddy, P.V.G.K., K.D. Mahapatra, ].N. Saha and R.K. Jana, 1998. Effect of induced triploidy 
on the growth of common carp (Cyprinus carpio var. communis L.). J, Aqua. Trap., 13 (1): 65-
72. 
Richter, C.J.J., E.H. Eding, A.J. Room, J.H. Van Doesum and P. De Boer, 1987. Induction of 
triploidy by cold-shocking eggs and performance of triploids in the African catfish, Clarias 
gariepinus. (Burchell 1822). In: Proc. World Sy11).p. On Selection, Hybridization and Genetic 
Engineering in Aquaculture (ed. K.Tiews). Bordeaux, Vol. II pp. 225-237. 
Small, S.A. and T.J. Benfey, 1987. Cell size in triploid salmon.]. Exp. Zoo!., 241: 339-342. 
Shelton, W.L. and G.L. Jensen, 1979. Production of reproductively limited grass carp for 
biological control of aquatic weeds. WRRI Bull. (Auburn Univ.) 39: 1-174. 
Thorgaard, G.H., 1983. Chromosome set manipulation and sex control in fish. In: Fish 
Physiology (eds. W.S., Hoar, D.J., Randall and E.M. Donaldson, (Eds.). lXB. Academic 
Press. New York, NY, pp. 405-434. 
Thorgaard, G.H., 1986. Ploidy manipulation and performance. Aquaculture, 57: 57-64. 
Tiwary, B.K., R. Kirubagaran and A.K. Ray, 1997. Induction of triploidy by cold shock in Indian 
catfish, Heteropneustesfossilis (Bloch). Asian Fish. Sci., 10(2): 123-129. 
Tiwary, B.K., R. Kirubagaran and A.K. Ray, 2004. The biology of triploid fish. Rev. Fish Biol. 
Fish., 14: 391-402. 
U eno, K., 1986. Induction of triploid carp and their hematological characteristics. Jpn. ]. Genet., 
59: 585-591. 
Utter, F.M., O.W. Johnson, G.H. Thorgaard and P.S. Rabinowitch, 1983. Measurement and 
potential applications of induced triploidy in Pacific Salmon. Aquaculture, 35: 125-135. 
129 
K.K. Marx & N. Sukumaran 
Volckaert, F., P. Galbusera, B. Hellemans, C. Haute, D. Vanstaen and F. Ollevier, 1994. 
Gynogenesis in the African catfish (Clarias gariepinus). I. Induction of meiogynogenesis with 
thermal and pressure shocks. Aquaculture, 128: 221-233. 
Wolters, W.R., C.L. Chrisman and G.S. Libey, 1982. Erythrocyte nuclear measurements of 
diploid and triploid channel catfish, Ictalurus punctatus (Rafinesque). ]. Fish. Biol., 20: 253-
258. 
(Manuscript received 27 May 2007) 
130 
